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A study of the selective adsorption of a liquid from a mixed 
solvent system by polymer molecules was carried out by light scattering 
method of Ewart, Roe, Debye and McCartney. The basis of this method is 
that the apparent weight average molecular weight of a polymer is a 
function of both the extent of selective adsorption and the difference 
in refractive indices of the two liquids which constitute the binary 
solvent mixture. 
The systems studied were the following: polyisobutylene in 
cyclohexane and acetone, polyisobutylene in cyclohexane and benzene, 
and polymethylmethacrylate in acetone and cyclohexane. The poly­
methylmethacrylate samples had different degrees of stereoregularity. 
The light scattering data were treated by Zimm method, 
eliminating the dissymmetry effect by extrapolating to both zero 
polymer concentration and zero scattering angle. 
For the polyisobutylene-cyclohexane-acetone system, cyclohexane 
is preferentially adsorbed by the polymer molecules. The interaction 
parameter x 2 3 between polyisobutylene segments and acetone molecules 
is estimated to be 2.0 ± 0.1. 
The measurements on polyisobutylene in the mixed solvent 
cyclohexane-benzene were less successful because the refractive index 
of benzene (1.5149) is too close to that of polyisobutylene (1.5282). 
Consequently the excess scattering is too small for the measurement 
X 
to have sufficient precision to be reliable. Therefore, only one 
successful measurement was made, at a benzene concentration of 20 per 
cent by volume. The result of this measurement shows that the poorer 
solvent, benzene, is selectively adsorbed. This result is in agreement 
with theoretical predictions based upon the Flory-Huggins theory of 
polymer solutions. 
The results of the measurements on the stereoisomers of poly­
methylmethacrylate show that the extent of selective adsorption is not 
affected by the local order of the side chain in this polymer. 
For each system studied, Read's theoretical treatment of selec­
tive adsorption was used to analyze the experimental results. Although 
his equation does not fit the experimental results well, it is never­
theless useful in predicting which of the solvent constituents will be 
selectively adsorbed and in estimating the extent of the selective 
adsorption, provided that values of the relevant interaction parameters 




"Selective adsorption" is a term which is used in polymer 
solution theory. When a polymer substance is dissolved in a mixed 
solvent consisting of liquids A and B to form a uniform dilute 
solution, selective adsorption can be said to occur if the composi­
tion of the mixed solvent in the vicinity of the polymer molecules 
is different from that of the original solvent mixture. 
There are several ways of studying selective adsorption experi­
mentally, e.g., ultracentrifugation (1), diffusion (2) and light 
scattering measurements. Since a light scattering photometer was 
available, the present study was carried out by a light scattering 
method. The basis of this method is that, in general, the addition 
of a second liquid to a polymer-solvent mixture causes a change in the 
amount of light scattered as a result of the selective adsorption of 
one or other of the solvent components by polymer molecules. This 
selective adsorption is a measure of the change in composition of the 
solvent mixture in the vicinity of the polymer segments. 
Light scattering in mixed solvent systems is a valuable method 
for evaluating parameters characteristic of the interactions of polymer 
segments with solvent molecules. It is of particular interest if one 
of the solvent components is a non-solvent, for there is no way to 
measure the interaction parameter between a polymer and a non-solvent 
directly. 
2 
Theoretical and Experimental Backgrounds 
Light scattering is a powerful technique for obtaining informa­
tion on polymer solutions. It was first applied to the study of polymer 
solutions by Putzeys (3). In 1944 Debye (4) showed how the experimen­
tal data on the light scattering of the polymer solution could be 
treated to obtain such valuable information as the weight average 
molecular weight M and the molecular dimensions of the polymer mole­
cules in the solution. But the study of selective adsorption by light 
scattering was not begun until 1946, when Ewart, Roe, Debye and 
McCartney (5) extended the theory of light scattering to the treatment 
of three component systems consisting of a polymer and two solvent 
constituents. Their theory predicts that if the data are treated in 
the usual manner that the right value of weight average molecular weight 
will be obtained only if the refractive index of the solvent mixture is 
independent of its composition. If the solvent components used have 
sufficient difference in their refractive indices, the light scattering 
measurements will show the extent of selective adsorption of solvent by 
the polymer segments. This theory was then tested by their experiments 
with polystyrene, which showed that good solvents were preferentially 
adsorbed. 
Another theory of light scattering for multicomponent systems, 
due to Kirkwood and Goldberg (6) and. independently to Stockmayer (7), 
is an extension of the Einstein fluctuation theory to systems which 
contain a number of components. They developed the expression for the 
fluctuation of refractive index in multi-component systems, which is 
related to the excess scattering. The average value of squared 
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fluctuation of refractive index depends on concentration dependence of 
the chemical potential of each species with respect to its own concen­
tration and on the concentration dependence of the chemical potential 
of each species with respect to the other species. 
The outline of the theory leading to the selective adsorption 
expression is given in the following. In order to understand the 
scattering phenomena, we start by considering the scattering of light 
by a gas. Since the gas particles are randomly located, each particle 
acts as an independent source of scattered radiation. On the other 
hand, the particles of a crystal are ordered in space relative to one 
another. Consequently there is a destructive interference between 
light scattered from the individual particles. Therefore perfect 
crystals scatter very little light. Liquids are intermediate between 
gases and crystals. The thermal motion of the molecules causes density 
fluctuations which in turn are associated with refractive index fluc­
tuations. It is this inhomogeneous distribution of refractive index 
that causes the scattering of light. In case of solutions, there is 
an additional contribution due to the fluctuations in concentration of 
the solute particles. When unpolarized light is forced to fall on a 
dilute polymer solution, the resulting intensity of light scattered 
is the sum of the contributions of each independent particle. The light 
scattered at an angle 0 from the direction of the incident light is 
related to the molecular weight by the equation (8) 
4 
2 2 
t t 2(1 + cos20)( 
n - n 
M- 2 2NX r 
c (1) 
where i A = intensity of the scattered light at angle 6; 
c = concentration of solution (g./ml. solution); 
N = Avogadro's number; 
X = wavelength of light; 
r = distance from the center of the scattering cell to the 
photocell; 
M = molecular weight of the solute; 
n = refractive index of the solution 
n = refractive index of the solvent medium surrounding a m 
solute molecule. 
This equation is true only for ideal solutions. However, polymer solu­
tions frequently exhibit very large deviations from ideality due to 
large entropies of mixing. For non-ideal solutions Equation (1) must 
be replaced by 
where A and A are virial coefficients. Equation (2) can be written 
intensity of the incident light; 
(2) 
5 
in the following form 
£=• = l/M + 2 A_c + 3 A.c + . . . (3) 
6 2 2 
2 /
n - n m N 2 
7T ( ) 
where K (optical constant) = (M-) 
2 NA 
2 2 
R (Rayleigh ratio) = r i /IQ(1 + cos 6) (5) 
Polymer samples always consist of many different species of 
different molecular weight. Considering species i with molecular weight 
M. and number of molecules N. , we can write: l i 
c. = N.M./V and c = T c. = ~ I N.M. (6) l i i r l V ** i i 
l l 
where V is the volume of the solution. In very dilute solutions, where 
each scattering particle is independent of one another, the total 
scattering is the sum over all species. Therefore 
( V c = 0 = I R i = K I C A ( ? ) 
Combining Equations (6) and (7), we get 
.2 c y c.M. y N.M7 V i i ? l l 
< R A>„-n = K — = K c " ( 8 ) 
6 C"° I c I N.M. 
v i h i i 
6 
The weight average molecular weight M is defined as £ N.M./£ N.M.. 
i i 
Thus Equation (8) becomes (R~) ~ = KcM . It is clear the weight 
9 c=0 w 
average molecular weight is the quantity obtained from light scattering, 
if the solute is a polydisperse sample. For a very dilute solution, we 
can write 
n = 1/M (9) Rn c=0 w 
Also n + n Q = 2n Q , n - n Q = (dn/dc) c 
so (n 2 - n 2) = (n 2 - n 2) = 2nQ(dn/dc) c 
where n^ is the refractive index of solvent medium, which is equal to n 
for the case of a pure solvent. The optical constant K becomes 
K = 2ir2n2 (dn/dc)2/NA4 (10) 
For the case of a polymer in a mixed solvent, n Q is no longer equal to 
n if there is a preference for one of the two solvents to be found in m * 
the vicinity of the polymer segments. Denoting v as the volume frac­
tion of component "1" of the solvent mixture, we can write: 
t 2 2v , 2 2. , 2 2. (n - n ) = (n - n ) + (n - ri ) m ° ° m 
= (2n Q) (dn/dc)c + n 2 - (n 2 + (dn Q/dv 1) 2Av 1) 
7 
2 2 n - n 
thus = 2nn(dn/dc) - 2nn(dn /dvn)(dv./dc) 
C u u u J . J . 
2 2 
n " nm 2 2 or ( ) = 4ii (dn/dc + a dn^/dv, ) c ° ° 1 
where a = - dv^/dc (11) 
The quantity a is called the selective adsorption coefficient because 
it provides a measure of the tendency of polymer molecules to remove 
solvent "1" from the surrounding medium. The optical constant K in 
Equation (4) is 
, 2 2 
* 2 7 r n o 2 K = — - — (dn/dc + a dnQ/dv ) (12) 
A N 
= K[l + a(dn 0/dv 1)/(dn/dc)] 2 
a n d E q u a t i o n ( 9 ) i s r e p l a c e d b y 
i'K ( 1 3 ) k « w 




where M is an "apparent" weight average molecular weight. Comparing 
w 
Equation ( 1 3 ) and Equation ( 1 4 ) , we obtain 
K M = K M w w 
Substituting K from Equation ( 1 2 ) into above equation, we can write 
[ 1 + a(dn /dvJ/(dn/dc)]2M = M" 
O J_ W W 
a - [ ( ^ ) 2 - 1] Z^J^l J <15> M (dn0/dV;L) 
w 
A — *I 
Thus we see that M^ will vary with the composition of the mixed solvent 
if there is any selective adsorption (a / 0 ) except in the special case 
where the two solvent constituents have the same refractive index 
(dn /dVj^ = 0 ) . 
The theoretical approach outlined so far does not apply if the 
dimensions of the solute particles are comparable with the wavelength 
of the incident light. The reason for this is that the paths of the 
scattered light from different parts of the polymer molecule are dif­
ferent except at zero angle where there is no destructive interference. 
Thus the theoretical approach outlined above can be used for solutions 
of large particles only if the light scattering data are obtained at 
several angles and extrapolated to zero angle. It is customary to 
express this intramolecular effect by the intramolecular scattering 
function P(6), which is the ratio of observed intensity to the scat­
tered intensity at an angle 0 without interference, normalized to unity 
9 
at zero scattering angle. Equation (3) is then modified to read 
Kc 1 (16) 
Equation (3) shows that a plot of (Kc/R_) vs. c can be used to 
calculate both the weight average molecular weight M and the second 
w 
virial coefficient A . Upon the addition of a precipitant to a dilute 
polymer solution, the solvent medium becomes poorer. Hence the initial 
slope of this plot decreases because of the contraction of the swollen 
molecules. Also, the intercept of the infinite dilute extrapolation 
will either increase or decrease as selective adsorption occurs, cf. 
Equation (15). If the solvent component adsorbed has the higher value 
of refractive index and a > 0, the intercept should decrease. The 
contrary would be true if the refractive indices were in the reverse 
order. Thus, the change in the intercept is an indication of the 
selective adsorption of a constituent of the solvent by the polymer 
segments. 
selective adsorption, which they claimed is superior to the light 
scattering method. They measured the diffusion through the interface 
between the solution phase and pure mixed solvent phase. At equilibrium 
the composition of the solvent mixture is less than that of the initial 
solvent mixture used for making the polymer solution by the amount 
preferentially adsorbed. Two systems, toluene-isobutanol-polystyrene 
and benzene-cyclohexane-polystyrene, were studied by light scattering 
Yoshino and Tanzawa (2) recommended an easy way to study the 
10 
measurement and diffusion measurement. The latter was proved to be 
more accurate than the former. 
Blaker and Badger (9) studied the interaction of nitrocellulose 
with several solvents and non-solvents, using the light scattering 
method. The additives, second solvents, were either a poorer solvent 
or a non-solvent. They found that the additive was selectively 
adsorbed in each case. This surprising result was rationalized by 
assuming that nitrocellulose molecules could be visualized as a ribbons 
with polar groups along the edges, but with non-polar faces. 
Brouckere and Anspach (10) measured the light scattering of 
polystyrene in mixtures of toluene with normal hexane, normal heptane, 
ether, dioxane, acetone, butanone, cyclohexane and secondary butanol. 
They found that the good solvent toluene was selectively adsorbed in 
every case except that of cyclohexane. 
An early theoretical paper by Kawai (11) developed an expression 
for the magnitude of selective adsorption from the knowledge of certain 
interaction parameters characterizing the polymer-mixed solvent system. 
Hence the magnitude of selective adsorption in any system can be esti­
mated once the values of these interaction parameters are known. His 
theory should be applicable to the case where the selective adsorption 
is studied by light scattering, but has not been applied in this 
manner to date. 
Applying the Flory-Huggins lattice model theory of polymer solu­
tions (12,13) to the problem of selective adsorption on the system 
benzene-cyclohexane-polystyrene, Read (14) derived a theoretical 
description of the adsorption constant a as function of the solvent 
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composition. According to the fluctuation theories of Stockmayer (7) 
and of Kirkwood and Goldberg (6), the adsorption constant is propor­
tional to the quantity 
( » V 3 , n 3 ) T , P . V O 
'WT.P .m.-.O ' 
O 
V 2 - 3 Y 2 
o o Z o 
where ^ s "tne chemical potential of solvent 2, and m^ and m^ are con­
centrations in moles per unit mass of component 1. The quantities 
(3y 2/3m 3) T p m and (3y 2/3m 2) T p m + 0 are obtained from the Gibbs 
2 3 
free-energy change. The Gibbs free-energy change accompanying the 
mixing of the three components can be written as 
AGM/RT = ir^ln V l + m 2 ln v 2 + m 3 ln v 3 + X 1 2 m 1 v 2 + X ^ V g + X ^ V g . 
Hence y 2 " y2 _ _1_ 8 A G M 
RT " RT ( 2m }T,P,m 
= In v 2 + (1 - v 2) - S T \ + (X12l~\ + X 2 3 V 3 ) ( V l + Vg) - X ^ ^ 
Differentiating y 2 with respect to m 2 and and eliminating terms in 
V g , we obtain 
12 
[*12*"1(V2 " V + X23 - + - 1 ) ] ,17, a = v v v — — (17) 
v + Jl v - 2Y Jl v v 1 2 x12 12 
whe re vj_>v2 = v°lume fraction of liquids in the binary phase; 
A = V 1/V 2; 
V^,V 2 = molar volume of liquid (1) and liquid (2), respectively; 
V g = specific volume of polymer; 
X12' X23' X13 = i n t e r a c t i o n parameters. 
The parameter x̂ j is related to the free energy change in the formation 
of molecular contact between species i and j. A large value of x̂ j 
indicates that the molecular contact is unfavorable, e.g., a large value 
of x-i o means that the solvent power for the polymer is poor. The magni-
tude of selective adsorption can also be calculated by his treatment, 
if the binary interaction parameters ^23 a n C* X13 a r e ^ n o w n * Also 
he suggested that a ternary interaction parameter X n o o ^ s required in 
order to fit his experimental results better. X^ 2g -*-s a three-body 
interaction parameter, which is related to the free energy change 
accompanying the formation of the triple molecular contact of species 
1, 2, and 3. 
Cowie and Bywater (15) studied the light scattering of poly­
styrene in mixtures of benzene-heptane, benzene-isopropanol and dioxane-
heptane. The good solvent was preferentially adsorbed in each case. 
Their data were also better fit by Read's equation if a ternary inter­
action parameter Xj_23 w a s u s e d « 
13 
Scope and Purpose of the Study 
In this work, the light scattering behavior of polyisobutylene 
(PIB) in the mixed solvent systems cyclohexane-acetone and cyclohexane-
benzene was studied. The experimental data were used to test Read's 
theoretical description of selective adsorption. The interaction 
parameter of PIB with acetone x 0 o w a s s o chosen that the adsorption 
constant a gave the best agreement with the theoretical prediction. 
A direct measurement of this value can not be made. 
Also, polymethylmethacrylate (PMMA) samples having different 
degrees of stereoregularity have been studied in the mixed solvent 
system acetone-cyclohexane. The purpose of this investigation was 
to study the influence on the selective adsorption of the local order 
along the chain by comparing the differences in the adsorption constant 
a. 
» 
For the case where the polymer is either PIB or syndiotactic 
PMMA the light scattering data were plotted by Zimm method (16) 
eliminating the dissymmetry effect by extrapolating to both zero polymer 
concentration and zero angle. A plot of (Kc/R)._ 0 versus c was con-
0-0 
structed for atactic PMMA-acetone-cyclohexane system. The selective 
adsorption constant was calculated from the apparent weight average 
molecular weight by Equation (15). 
14 
CHAPTER II 
SELECTIVE ADSORPTION MEASUREMENT 
A Brice-Phoenix light scattering photometer (17) was used for 
o o 
this study. Unpolarized incident radiation of both 4358 A and 5461 A 
o 
was used when the polymer was PIB. A single wavelength of 4358 A was 
used for the case where the polymer was PMMA. Measurements was made 
at temperatures of 35° C and 25° C when the mixed solvent systems were 
cyclohexane-acetone and cyclohexane-benzene, respectively. The system 
polymethylmethacrylate-acetone-cyclohexane was studied at 25° C. 
The solutions were made up by weight and were evaporated to dry­
ness after measurement. A microbalance was used to weigh (to ± 0.1 mg.) 
the amount of polymer remaining in a volume of solution measured at room 
temperature. The exact concentration was calculated and corrected to 
the experimental temperature from the known densities of the mixed sol­
vent at the two different temperatures. For this purpose the additivity 
of volumes was assumed. 
To effect purification from dust, each solution was carefully 
filtered through an ultrafine glass-sintered filter under nitrogen 
pressure of 14 psi (3 psi in the case of polymethylmethacrylate solu­
tions) into a previously cleaned cell. It was found, however, that this 
filtration procedure was not satisfactory when acetone was a main con­
stituent of the solvent mixture. It was found that by holding a Tesla 
coil near the filter during the filtration that satisfactory filtration 
15 
was effected for this system. 
Polymer and Solvent 
Polyisobutylene 
The polyisobutylene sample used was a commercial Vistanex, 
designated L-80. It has a ratio of weight average molecular weight 
to number average molecular weight of about 3 (18). It was frac­
tionated in the following manner (18). Small pieces were dissolved 
in cyclohexane to yield a solution of about 1 per cent polymer. It 
was precipitated by adding the solution to acetone in a Waring Blender, 
with agitation. The polymer phase was separated and then washed with 
a small amount of cyclohexane, by which it was hoped to re-dissolve 
the low molecular weight tail. Then the polymer was dissolved in 
benzene, followed by the addition of a small amount of methanol to 
remove the high molecular weight tail. The polymer obtained was then 
dried to constant weight under vacuum at about 60° C. The sample 
r e s u l t i n g f r o m t h i s t r e a t m e n t w a s d e s i g n a t e d L-80F. 
Polymethylmethacrylate 
The polymethylmethacrylate samples and characterization data 
were provided by Dr. T. G. Fox of the Mellon Institute. Sample No. 
BDK-III is an ideally atactic polymethylmethacrylate with P[S] = 0.5, 
P[I] = 0.5, and M . ~ 100,000. It has a broad molecular weight ' vis 
distribution. Sample No. NC-PMMA No. 5 is a 60° free radical, con­
ventional PMMA with P[S] = 0.765, P[I] = 0.235, and M . ~ 700,000, 
' ' vis ' 
M^/Mn = 2. This sample is essentially syndiotactic. The definitions 
of the quantities P[S] and P[I] are those of Fox (19). P[S] and P[I] 
16 
are p r o b a b i l i t i e s t h a t placements s e l e c t e d at random are s y n d i o t a c t i c 
and i s o t a t i c p lacements , r e s p e c t i v e l y . 
Cyc lohexane 
Reagent q u a l i t y cyc lohexane (Matheson Coleman and B e l l q u a l i t y 
c o n t r o l code 2825 CX2290) was p u r i f i e d by d r y i n g o v e r n i g h t w i t h ca lc ium 
c h l o r i d e , f o l l o w e d by d i s t i l l a t i o n . The apparatus used i n t h i s work i s 
shown i n F i g u r e 1. A f t e r r e f l u x i n g f o r one h o u r , the d i s t i l l a t e was 
c o l l e c t e d i n a 2-1. f l a s k . A f t e r c o l l e c t i n g 50 ml . o f d i s t i l l a t e , t he 
temperature i n c r e a s e d from 81° C t o 81.4-°C, which i s the b o i l i n g p o i n t 
o f cyc lohexane . The f i n a l p roduc t was c o l l e c t e d a t 81.4 °C i n a 5-1. 
f l a s k . The r e f l u x r a t i o was s e t a t about 7 t o 1 du r i ng t h i s p r o c e s s . 
The d i s t i l l e d cyc lohexane was then passed th rough a 0.5 m. 
( D ^ = 1") column packed w i t h s i l i c a g e l t o adsorb any aromat ic com­
pounds. F i n a l l y , the p u r i f i e d cyc lohexane was s t o r e d o v e r sodium w i r e . 
Acetone 
The p u r i f i c a t i o n o f acetone was done i n two s t e p s : f i r s t the 
i m p u r i t i e s were o x i d i z e d by use o f KMnO^, and second , the p roduc t was 
dehydra ted chem ica l l y w i t h ^ ^ s * 
Reagent grade acetone ( J . T . Baker) was r e f l u x e d ove r KMnO^ f o r 
one n i g h t t o ox i de such i m p u r i t i e s as a l c o h o l s . I t was then d i s t i l l e d 
i n t o a f l a s k c o n t a i n i n g ca lc ium c h l o r i d e . S ince ca lc ium c h l o r i d e i s 
o n l y a moderate ly s t r o n g d e h y d r a t i n g a g e n t , t h i s was f o l l o w e d by a 
d i s t i l l a t i o n from ^2^5 ' w ^- ' t ^ ^be vapor pass ing th rough a tube c o n ­
t a i n i n g a d d i t i o n a l F ^ s * a n n y d r o u s acetone was kept i n the 
r e f r i g e r a t o r . 
Figure 1. Fractional Distillation Apparatus 
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Benzene 
Reagent grade benzene (J. T. Baker) was purified by shaking 
with Drierite for one day, followed by distillation. 
Mark (20) and Houwink (21) showed that the molecular weight of 
a polymer is empirically related to the intrinsic viscosity, [ n ] by 
the simple equation 
where both K' and a are constants whose values depend on the nature of 
polymer, solvent and the temperature. They can be determined by 
measuring the intrinsic viscosities of several fractions of polymer, 
the molecular weights of which are known from light scattering or 
osmometry. If log [n] is plotted against log M, a straight line will 
be obtained with slope a and intercept log K f. The values of Kf and a 
-4 
for our system have been found to be 2.6 x 10 and 0.70, respective-
All the solvents were redistilled shortly before using. 
Viscometry 
[ n ] = K f M a (18) 
ly (22). 
The intrinsic viscosity, [ n ] , is defined by the relation 
[ n ] = lim (l/c) ( n - n 0 ) / n 0 = 
c-K) 
lim ( n „ )/c 




= concentration of polymer in solution; 
= viscosity of polymer solution; 
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nQ = viscosity of the pure solvent; 
n = specific viscosity, sp * J 
If a solution of polydisperse polymer is extremely dilute, the indi­
vidual particles can be assumed to contribute to the viscosity inde­
pendently of one another. Thus, the value n is the sum of the 
contribution due to every species. For the species i, (ngp)̂  = 
K' M^c^ according to Equation (18). Therefore 
n = y (n ). = y k1 Ma = k' y Mac. ( 2 0 ) 
sp r sp 1 ? 1 ? 1 1 r 1 r 1 1 
From the definition of intrinsic viscosity, we obtain 
[n] = n /c = K' y Ma(c./c) = K' J w.Ma sp h 1 1 ? 1 1 1 1 
where w^ is the weight fraction of species i. If we define the viscosi­
ty average molecular weight as 
1 
M = (J w . M a ) a ( 2 1 ) v . 11 
1 
Then Equation ( 2 0 ) can be written as follows: 
Cn] = K1 Ma ( 2 2 ) 
Thus from the measurement of the intrinsic viscosity, [n], the vis­
cosity average molecular weight is obtained if the polymer is a 
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polydisperse sample. 
The procedure for measuring the intrinsic viscosity is to measure 
the viscosities of several dilute solutions of different polymer con­
centration. The viscosity is related to the concentration in solution 
sufficiently dilute by the Huggins Equation (23) 
( n w n°)/c = n /c = [ n ] + k [ n] 2c (23) n sp 
where k is an empirical constant. A plot of Hgp/c versus c gives a 
2 
straight line with an intercept Cnl and slope k[n] • Another relation­
ship, similar to the Huggins equation, is 
i in (l + n ) = [ n ] - 3 [ n ] 2 c (24) c sp 
A plot of -̂ ln(l + n S p ) against c yields a straight line with intercept 
2 
[n] and slope -3[n] • It provides a check to plot both n /c and 
sp 
— ln(l + n ) versus c on the same graph, since both straight lines c sp 
should have common intercept. Furthermore, by expanding the natural 
log of Equation (24) and neglecting the terms higher than the second 
powers, we obtain 
i l n d + n ) = ( ^ ) 2 f (25) 
c sp c c 2 
Substituting Equation (23) into Equation (25) and ignoring the terms 
higher than square, we rewrite Equation (25) as 
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- m ( i + n ) = Cn] + (k - b [n] 2c 
c sp 2 
Comparing the above equation with Equation (23), we find k + 3 = 0.5, 
which provides another check. 
Intrinsic Viscosity Measurement 
The viscometer used was a Ubbelohde dilution viscometer and is 
shown in Figure 2. It was immersed in a thermostat, the temperature 
of which was regulated to ±0.02 °C. A Meyland stopwatch, type 200A, 
was used to measure the flow times of solvent and solution to ±0.05 
sec. 
Calibration of Viscometer. The Poiseuille equation, corrected 
for kinetic energy and end-effects, can be written in the following 
form 
n/pt = A - B/t 2 (26) 
where n = viscosity of the liquid; 
p = density of the liquid at a given temperature; 
t = flow time; 
A,B = constants to be determined by calibration. 
Water was used to calibrate the viscometer because the densities and 
viscosities of water at different temperature are known accurately 
(2M-). Flow times of water at several different temperatures were 
measured in the way described in "Viscosity Measurement" section. If 
2 
(n/pt) versus 1/t is plotted, a straight line is obtained with B as 
Figure 2. Ubbelohde Viscometer 
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the n e g a t i v e s lope and A as the i n t e r c e p t on the o r d i n a t e . The c a l i ­
b r a t i o n curve i s shown i n F i g u r e 3. The va lues found f o r A and B are 
_3 
9.97 x 10 and 1.82, r e s p e c t i v e l y . 
P r e p a r a t i o n o f Polymer S o l u t i o n . The s o l u t i o n s were p repared 
by we igh ing enough p o l y i s o b u t y l e n e i n t o 50-ml. v o l u m e t r i c f l a s k t o 
make c o n c e n t r a t i o n s r a n g i n g from 0.08 t o 0.32 g . p e r 100 ml . o f s o l u ­
t i o n . 25 ml . o f cyc lohexane was added t o each f l a s k , which was 
a g i t a t e d o v e r n i g h t . The polymer s o l u t i o n s were then d i l u t e t o the 
mark and were ready f o r the measurement. 
V i s c o s i t y Measurements. 15 ml . p o r t i o n s o f each l i q u i d t o be 
measured were f i l t e r e d i n t o the v i scome te r th rough the coarse g l a s s -
s i n t e r e d f i l t e r , us ing v e r y g e n t l e s u c t i o n . P ressu re was a p p l i e d t o 
the top o f bu lb 1 w h i l e the top o f tube 3 was c l o s e d , f o r c i n g l i q u i d 
from bu lb B i n t o bu lbs A and C . When bu lb D was p a r t i a l l y f i l l e d w i t h 
s o l u t i o n , the p ressu re was r e l e a s e d and the top o f tube 3 was opened 
t o the atmosphere. F low t imes were taken f o r the l i q u i d meniscus t o 
pass between the two marks on bu lb C . T h i s was repea ted a t l e a s t f o u r 
t imes t o o b t a i n the average f l o w t ime. 
Us ing the c a l i b r a t i o n Equa t i on (26), the s p e c i f i c v i s c o s i t y was 
c a l c u l a t e d and the i n t r i n s i c v i s c o s i t y [ n ] was determined g r a p h i c a l l y 
as d e s c r i b e d . Two g r a p h i c a l de te rm ina t ions o f the i n t r i n s i c v i s c o s i t y 
o f bo th PIB L-80 and PIB L-80F a re shown i n F i g u r e U and F i g u r e 5, 
r e s p e c t i v e l y . 
Va lues o f the v i s c o s i t y average mo lecu la r we igh t M were c a l c u ­
l a t e d from Equa t ion ( 2 2 ) , u s i n g the v a l u e s o f K' and a g i v e n by 
5 
Krigbaum and F l o r y ( 2 2 ) . They are 7.38 x 10 f o r PIB L-80 and 
1 0 . 0 
0 1 . 0 2 . 0 3 . 0 4 . 0 
2 4 
1 / t X 1 0 
F i g u r e 3 . V i s c o m e t e r C a l i b r a t i o n C u r v e 
s.o 
0.1 0.2 0.3 0 .4 
C(g. /100 M L . ) 










O Equation 23 
& Equation 24 
0.02 0.04 0.06 0.08 0.10 0.12 
c(g./100 ml.) 
Figure 5. Determination of I n t r i n s i c V i s c o s i t y of PIB L-80F 
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7 . 1 3 x 1 0 f o r P I B L - 8 0 F . C o m p a r i s o n o f t h e s e v a l u e s s h o w s t h a t t h e 
e x t e n t o f f r a c t i o n a t i o n w a s n e g l i g i b l e . 
L i g h t S c a t t e r i n g 
L i g h t S c a t t e r i n g P h o t o m e t e r 
T h e i n s t r u m e n t u s e d w a s a B r i c e - P h o e n i x U n i v e r s a l L i g h t S c a t t e r ­
i n g P h o t o m e t e r S e r i e s 1 0 0 0 ( 1 7 ) , m a d e b y P h o e n i x P r e c i s i o n I n s t r u m e n t 
C o . I t w a s m o d i f i e d i n t h e f o l l o w i n g m a n n e r . T h e P h o t o m e t e r w a s 
i n s u l a t e d i n s i d e b y p o l y s t y r e n e f o a m s h e e t s a n d t h e t e m p e r a t u r e w a s 
r e g u l a t e d b y a b l o w e r , w h i c h s u p p l i e d w a r m o r c o l d a i r a s r e q u i r e d . O n e 
o f t h e l i m i t s t o p s o n t h e P h o t o m u l t i p l i e r H o u s i n g w a s b e n t a n d t h e 
s h i e l d o n t h e r e m o v a b l e w o r k i n g s t a n d a r d w a s c u t o f f s o m e w h a t . T h i s 
e n a b l e d m e a s u r e m e n t s t o b e m a d e o v e r a q u i t e w i d e a n g u l a r r a n g e , 2 5 ° 
t o 1 4 0 ° . A l s o t h e s l i t o n t h e C e l l - T a b l e D i a p h r a g m w a s r e p l a c e d w i t h 
a n a r r o w s l i t o f d i m e n s i o n s 2mm. b y 6 mm. 
C e l l A l i g n m e n t 
A c y l i n d r i c a l l i g h t s c a t t e r i n g c e l l w a s u s e d f o r t h e m e a s u r e ­
m e n t s . I t w a s l i n e d u p i n t h e f o l l o w i n g m a n n e r . T h e c e l l w a s p a i n t e d 
b l a c k w i t h K o d a k B r u s h i n g L a c q u e r e x c e p t a t t h e p l a c e s w h e r e t h e i n c i ­
d e n t a n d s c a t t e r e d l i g h t s w o u l d g o t h r o u g h . I t w a s t h e n w a s h e d w i t h 
c l e a n i n g s o l u t i o n a n d r i n s e d w i t h d i s t i l l e d w a t e r . A f t e r d r y i n g , i t 
w a s w a s h e d a g a i n b y t h e c o n d e n s i n g v a p o r o f m e t h a n o l i n s p e c i a l d e v i c e 
c o n s t r u c t e d f o r t h i s p u r p o s e ( 2 5 ) . T h e o u t s i d e w a s c l e a n e d w i t h a 
s i l i c o n e c l o t h . 
5 0 m l . o f m e t h a n o l s o l u t i o n c o n t a i n i n g a t r a c e o f f l u o r e s c e i n 
d y e i n a n a m o u n t s u f f i c i e n t t o g i v e a s l i g h t g r e e n i s h c o l o r w a s f i l t e r e d 
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u n d e r t h e n i t r o g e n p r e s s u r e i n t o t h e c e l l t h r o u g h a f i n e g l a s s - s i n t e r e d 
f i l t e r . T h e c e l l w a s t h e n p l a c e d o n t h e c e l l t a b l e . T h e m e r c u r y b l u e 
o 
l i n e a t 4 3 5 8 A w a s a l l o w e d t o f a l l o n t h e s o l u t i o n . T h e v o l t a g e w a s 
t h e n a d j u s t e d s o t h a t t h e g a l v a n o m e t e r r e a d i n g a t 2 5 ° a n g l e w a s n e a r 
f u l l s c a l e . R e a d i n g s w e r e t a k e n f r o m 2 5 ° t o 1 4 0 ° a t 5 ° i n t e r v a l s . T h e 
c e l l w a s m o v e d a b o u t o n t h e t a b l e u n t i l i t w a s f o u n d t h a t t h e g a l v a ­
n o m e t e r r e a d i n g s w e r e s y m m e t r i c a l a b o u t t h e 9 0 ° a n g l e o r a c o n s t a n t 
v a l u e w a s o b t a i n e d w h e n t h e g a l v a n o m e t e r r e a d i n g w a s m u l t i p l i e d b y t h e 
s i n e o f t h a t a n g l e . T h e n t h e c e l l w a s c o n s i d e r e d t o b e l i n e d u p . T h e 
c e l l w a s t h e n g l u e d t o i t s b a s e , u s i n g t h e E l m e r ' s G l u e - A l l . R e d i s t i l l e d 
b e n z e n e w a s u s e d t o c h e c k t h e a l i g n m e n t u s i n g t h e f o l l o w i n g e q u a t i o n 
G ( 6 ) / G ( 9 0 ) = ( ^ - g - ) [ 1 + ( 1 - p ) c o s 2 6 / ( l + p ) ] ( 2 7 ) 
w h e r e p i s t h e d e p o l a r i z a t i o n o f b e n z e n e a t 9 0 ° ( 2 6 ) . T h e p r e c i s i o n o f 
t h e c e l l a l i g n m e n t w a s w i t h i n ± 3 . 0 p e r c e n t . 
P r e p a r a t i o n o f S o l u t i o n f o r L i g h t S c a t t e r i n g M e a s u r e m e n t 
D u s t a n d i m p u r i t i e s i n t h e s o l v e n t a f f e c t g r e a t l y t h e i n t e n s i t y 
o f t h e s c a t t e r e d l i g h t . H e n c e s o l u t i o n s w e r e c a r e f u l l y p r e p a r e d s o t h a t 
t h e y w o u l d b e f r e e o f d u s t . 
P o l y m e r s o l u t i o n s w e r e p r e p a r e d b y m a k i n g u p g i v e n c o n c e n t r a t i o n s 
r a n g i n g f r o m 0 . 0 3 t o 0 . 1 2 g . p e r 1 0 0 m l . s o l u t i o n ( 0 . 0 8 t o 0 . 3 2 g . p e r 
1 0 0 m l . s o l u t i o n i n t h e c a s e o f a t a c t i c PMMA s o l u t i o n ) . F o u r s o l u t i o n s 
w e r e p r e p a r e d f o r e a c h e x p e r i m e n t . E a c h s o l u t i o n w a s f i l t e r e d t h r o u g h 
a n u l t r a f i n e g l a s s - s i n t e r e d f i l t e r i n t o t h e c l e a n e d c e l l . T h e f i l t e r 
w a s t h o r o u g h l y c l e a n e d w i t h c l e a n i n g s o l u t i o n , d r i e d , a n d r i n s e d s e v e r a l 
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t imes w i t h s o l v e n t be fo re u s i n g . 
Mixed s o l v e n t s o f known volume f r a c t i o n s were p repared a t room 
temperature by m ix ing a p p r o p r i a t e we igh t o f s o l v e n t s , the d e n s i t i e s o f 
which were known. 
A t h i g h e r compos i t ions o f n o n - s o l v e n t i t was necessa ry t o warm 
up the s o l u t i o n s du r i ng the f i l t r a t i o n p r o c e s s , t o p reven t c l o g g i n g o f 
the f i l t e r by po lymer . When f i l t e r i n g s o l u t i o n s o f PMMA a T e s l a vacuum 
t e s t e r was used t o charge the f i l t e r e l e c t r i c a l l y d u r i n g the f i l t r a t i o n 
p r o c e s s , s i nce i t was d i s c o v e r e d t h a t i t he lped c o n s i d e r a b l y t o produce 
d u s t - f r e e l i q u i d s . I f n e c e s s a r y , s e v e r a l passes th rough the f i l t e r 
were made. 
L i g h t S c a t t e r i n g Measurements 
The c e l l was cove red w i t h a g l ass p l a t e and p o s i t i o n e d i n the 
photometer a f t e r f i l t e r i n g . By l o o k i n g th rough the s o l u t i o n a t an 
ang le c l o s e t o the t r a n s m i t t e d beam, the presence o f any r e s i d u a l dus t 
was apparen t . I n such cases f i l t r a t i o n was repea ted u n t i l no b r i g h t 
specks were v i s i b l e . 
Before read ings were t a k e n , t en minutes were a l l o w e d t o reach 
o 
temperature e q u i l i b r i u m . U n p o l a r i z e d mercury l i g h t o f 4358 A o r 
o 
5461 A was u s e d . The phototube was moved t o 25°, The v o l t a g e was 
tu rned up h i g h enough so t h a t the galvanometer read ing a t t h a t ang le 
was near f u l l s c a l e . Galvanometer read ings were taken from 25° t o 
140° a t 5° i n t e r v a l s . A f t e r e v e r y f o u r r ead ings had been t a k e n , the 
phototube was tu rned back t o 25° t o check f o r cons tancy o f v o l t a g e 
a p p l i e d t o the p h o t o m u l t i p l i e r t u b e . The galvanometer r e a d i n g a t ze ro 
degree ang le was a l s o t aken . S ince the i n t e n s i t y o f the t r a n s m i t t e d 
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b e a m w a s v e r y h i g h , c e r t a i n c o m b i n a t i o n s o f n e u t r a l f i l t e r s w e r e 
r e q u i r e d f o r a t t e n u a t i o n . T h e r e a d i n g a t 0 ° w a s m a d e t h r e e t i m e s a n d 
t h e a v e r a g e w a s t a k e n . 
A f t e r t h e a n g u l a r m e a s u r e m e n t s w e r e c o m p l e t e d , e x a c t l y 2 5 m l . o f 
e a c h s o l u t i o n w e r e e v a p o r a t e d t o d r y n e s s i n a n a l u m i n u m p a n a n d w e i g h e d 
t o d e t e r m i n e t h e e x a c t c o n c e n t r a t i o n o f t h e s o l u t i o n . 
T r e a t m e n t o f L i g h t S c a t t e r i n g D a t a 
T h e i n t e n s i t y o f t h e s c a t t e r e d l i g h t i s p r o p o r t i o n a l t o t h e 
g a l v a n o m e t e r r e a d i n g . W h e n u n p o l a r i z e d l i g h t i s u s e d , t h e f o l l o w i n g 
e q u a t i o n g i v e s t h e a p p a r e n t i n t e n s i t y i n g a l v a n o m e t e r u n i t s : 
w h e r e 0 i s t h e a n g l e b e t w e e n s c a t t e r e d l i g h t a n d t h e i n c i d e n t l i g h t , 
G ( 0 ) i s t h e g a l v a n o m e t e r r e a d i n g a t t h a t a n g l e , G ( 0 ) i s t h e r e a d i n g 
a t t h e z e r o a n g l e , a n d T i s t h e t r a n s m i t t a n c e o f t h e n e u t r a l f i l t e r 
c o m b i n a t i o n u s e d a t z e r o d e g r e e s . S i n c e a p o r t i o n o f t h e i n c i d e n t b e a m 
i s r e f l e c t e d b a c k i n t o t h e c e l l a t t h e e x i t f a c e , t h e t r u e i n t e n s i t y o f 
s c a t t e r e d l i g h t i n g a l v a n o m e t e r u n i t s i s 
T s i n 0 ( 2 8 ) 
6 ( 6 ) 1 + c o s 0 
1 8 0 - 0 
w h e r e x i s t h e f r a c t i o n o f t h e l i g h t r e f l e c t e d b a c k i n t o t h e s o l u t i o n . 
T h e v a l u e o f x c a n b e c a l c u l a t e d f r o m t h e f o l l o w i n g e q u a t i o n : 
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w h e r e n ^ a n d a r e r e f r a c t i v e i n d i c e s o f b e n z e n e a n d P y r e s g l a s s , 
r e s p e c t i v e l y . T h e d i f f e r e n c e o f t h e i n t e n s i t i e s o f t h e s c a t t e r i n g o f 
t h e s o l u t i o n a n d t h e s o l v e n t , t h e e x c e s s i n t e n s i t y , m u s t b e c o n v e r t e d 
t o a b s o l u t e u n i t s . T h e s t a n d a r d u s e d f o r t h i s p u r p o s e w a s b e n z e n e 
- 5 - 1 
( 2 7 ) , f o r w h i c h w a s a d o p t e d t h e v a l u e o f 4 . 6 5 x 1 0 cm f o r t h e 
0 - 5 - 1 R a y l e i g h r a t i o a t 2 0 ° C a n d 4 3 5 8 A ( o r 1 . 5 6 x 1 0 cm a t 2 0 ° C a n d 
o 
5 4 6 1 A ) . T h e t e m p e r a t u r e d e p e n d e n c e o f t h e R a y l e i g h r a t i o ( 2 8 ) i s : 
R „ _ / R o c = 1 + 0 . 3 6 8 x 1 0 " 2 ( t - 2 5 ) 
t 2.0 
T h e f o l l o w i n g r e l a t i o n w a s u s e d t o c a l c u l a t e t h e e x c e s s 
i n t e n s i t y R _ : 
Re 
R = (Rayleigh ratio of benzene) x 5-— 
9 0 
w h e r e R ^ Q i s i n t e n s i t y o f s c a t t e r e d l i g h t o f b e n z e n e a t 9 0 ° a n g l e . F o r 
t h e m a c r o m o l e c u l a r s o l u t i o n c / R . v a r i e s w i t h a n g l e , s o c/Ra w a s 
c a l c u l a t e d f o r e a c h a n g l e . T o c o n s t r u c t Z i m m p l o t s , K c / R Q w a s p l o t t e d 
2 
v e r s u s k c + s i n 8 / 2 , w h e r e K i s t h e o p t i c a l c o n s t a n t d e f i n e d i n E q u a t i o n 
( I D ) i n t h e f i r s t c h a p t e r a n d k i s a c o n s t a n t c h o s e n t o s p r e a d o u t t h e 
e x p e r i m e n t a l d a t a . U s i n g t h i s p l o t f o r e x t r a p o l a t i o n s , t h e z e r o c o n ­
c e n t r a t i o n a n d t h e z e r o a n g l e l i n e s m e e t a t a c o m m o n i n t e r c e p t . 
E x t r a p o l a t i n g t o z e r o c o n c e n t r a t i o n a t 6 = 0 ° , a p l o t o f K c / R v e r s u s k c 
3 2 
w a s o b t a i n e d . T h e i n i t i a l s l o p e o f t h i s l i n e g i v e s t h e s e c o n d v i r i a l 
c o e f f i c i e n t , k^. S i n c e t h e d e s t r u c t i v e i n t e r f e r e n c e v a n i s h e s a t t h e 
z e r o d e g r e e a n g l e , P ( 8 ) o f t h e E q u a t i o n ( 1 6 ) b e c o m e s u n i t y . T h e r e f o r e 
t h e i n t e r c e p t o f t h i s l i n e g i v e s t h e v a l u e o f M ^ ; i . e . , i s t h e 
r e c i p r o c a l o f t h e i n t e r c e p t . E x t r a p o l a t i n g t o z e r o a n g l e a t c = 0 , 
2 
t h e r e i s o b t a i n e d a p l o t o f K c / R q v e r s u s s i n 6 / 2 . P ( 6 ) i s r e l a t e d t o 
t h e r a d i u s o f g y r a t i o n , w h i c h i s r o o t - m e a n - s q u a r e d i s t a n c e o f t h e 
e l e m e n t s o f t h e c h a i n f r o m i t s c e n t e r o f g r a v i t y , b y t h e f o l l o w i n g 
e q u a t i o n 
2 
1 / P ( 0 ) = 1 + R 2 s i n 2 0 / 2 + . . . ( 3 0 ) 
3 X 2 G 
T h u s E q u a t i o n ( 1 6 ) b e c o m e s 
(*L) = — ( 1 + R ? s i n 2 6 / 2 + . . . ) ( 3 1 ) 
R 6 c + 0 M 3 A 2 G 
w 
T h e s l o p e o f t h i s l i n e g i v e s t h e r a d i u s o f g y r a t i o n a n d t h e i n t e r c e p t 
g i v e s t h e r e c i p r o c a l o f w e i g h t a v e r a g e m o l e c u l a r w e i g h t . 
T h e l i g h t s c a t t e r i n g d a t a w e r e t r e a t e d i n t h i s m a n n e r e x c e p t f o r 
t h e a t a c t i c P M M A - a c e t o n e - c y c l o h e x a n e s y s t e m , w h e r e o n l y a K c / R q v e r s u s c 
p l o t w a s c o n s t r u c t e d . 
S p e c i f i c R e f r a c t i v e I n d e x I n c r e m e n t ( d n / d c ) T 
T h e s p e c i f i c r e f r a c t i v e i n d e x i n c r e m e n t ( d n / d c ) m u s t b e k n o w n 
t o c a l c u l a t e t h e w e i g h t a v e r a g e m o l e c u l a r w e i g h t . N o s u c h v a l u e s a r e 
r e p o r t e d i n t h e l i t e r a t u r e f o r s y s t e m s c o n t a i n i n g P I B . T h e m e a s u r e m e n t 
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of this quantity can not be made with an ordinary refractometer, for 
the refractive index difference between the solvent and the polymer 
solution is too small to permit the difference to be measured with 
sufficient precision. A Brice-Phoenix Visual Differential Refractometer 
Model BP-1000-V (29) was therefore used for this measurement. The pre-
—6 
cision in the measurement of An with this instrument is ±3.0 x 10 
Calibration of Differential Refractometer 
A sodium lamp was used. Pure sucrose solutions were used for 
the calibration. The refractive index of sucrose solutions are given 
in the literature (30). Both compartments of the cell were filled with 
1 ml. of distilled water. Ten minutes were allowed for temperature 
equilibrium. With one side of the cell toward the lamp, the microscope 
was focused until a clear line was obtained. The hair line was set at 
the center of the line. The reading from the micrometer drum was 
recorded as d̂ . The same procedure was repeated with the cell turned 
through an angle of 180°. This reading was recorded as d^. Readings 
were made four times and the mean values were taken. (d.. - d_) . 
1 2 solvent 
is the zero reading for the pure solvent. One ml. each of 2, 4, 5 and 
6 per cent sucrose solutions (by weight) was introduced into the solu­
tion cell. (d̂  - d̂) for each of these solutions was determined in 
the same way as for the solvent. The total displacement is defined as: 
A cL = (dn - d_) . .. - (d. - d_) . 5 An/K (31) T 1 2 solution 1 2 solvent 
When the refractive index difference between solution and the solvent 
An is plotted against total displacement Ad̂ , a straight line is 
3 4 
o b t a i n e d w i t h s l o p e K , t h e c a l i b r a t i o n c o n s t a n t f o r t h e s o d i u m D l i n e . 
T h e c a l i b r a t i o n c u r v e i s s h o w n i n F i g u r e 6 . T h e c a l i b r a t i o n c o n s t a n t s 
f o r d i f f e r e n t w a v e l e n g t h s a r e r e l a t e d t o e a c h o t h e r b y t h e f o l l o w i n g 
e q u a t i o n ( 3 1 ) 
K X s K 5 8 9 3
 ( M 5 8 9 3 / f V ( 3 2 ) 
T h e v a l u e s o f M a n d M^ w e r e g i v e n f o r t h e i n s t r u m e n t i n t h e m a n u -
D 0 3 0 A 
f a c t u r e r ' s i n s t r u c t i o n m a n u a l . 
M e a s u r e m e n t o f ( d n / d c ) f o r P I B i n C y c l o h e x a n e - A c e t o n e 
M e a s u r e m e n t s o f ( d n / d c ) w e r e m a d e a t 3 5 ° C a n d 2 5 ° C f o r t h e s o l u ­
t i o n s o f P I B i n p u r e c y c l o h e x a n e . O n l y o n e s u c c e s s f u l m e a s u r e m e n t w a s 
p e r f o r m e d a t 3 5 ° C f o r t h e P I B - m i x e d s o l v e n t s y s t e m , a t a n a c e t o n e c o n ­
c e n t r a t i o n o f 1 0 p e r c e n t b y v o l u m e . U n p o l a r i z e d i n c i d e n t r a d i a t i o n 
o o 
o f 4 3 5 8 A a n d 5 4 6 1 A w e r e u s e d . T h e t o t a l d i s p l a c e m e n t f o r e a c h s y s t e m 
w a s m a d e b y f o l l o w i n g t h e s a m e p r o c e d u r e d e s c r i b e d i n c a l i b r a t i o n s e c ­
t i o n . T h e r e f r a c t i v e i n d e x d i f f e r e n c e A n w a s o b t a i n e d b y m u l t i p l y i n g 
t h e t o t a l d i s p l a c e m e n t A d ^ b y t h e c a l i b r a t i o n c o n s t a n t K . W h e n A n w a s 
p l o t t e d a g a i n s t s o l u t i o n c o n c e n t r a t i o n c , a s t r a i g h t l i n e w a s o b t a i n e d 
w i t h s l o p e e q u a l t o t h e s p e c i f i c r e f r a c t i v e i n d e x i n c r e m e n t ( d n / d c 
R e s u l t s a r e t a b u l a t e d a n d a r e s h o w n i n A p p e n d i c e s 1 t o 1 2 . 
C a l c u l a t i o n o f ( d n / d c ) i n t h e M i x e d S o l v e n t 
M e a s u r e m e n t s o f ( d n / d c ) ^ w e r e u n s a t i s f a c t o r y w h e n t h e v o l u m e 
f r a c t i o n o f a c e t o n e w a s g r e a t e r t h a n 0 . 1 0 b e c a u s e o f e v a p o r a t i o n p r o b ­
l e m s . I t w a s t h e r e f o r e d e c i d e d t o c a l c u l a t e s u c h v a l u e s f r o m t h e 
L o r e n z - L o r e n t z e q u a t i o n . H o w e v e r , t h e v a l u e o f t h e r e f r a c t i v e i n d e x 
F I G U R E 6. C A L I B R A T I O N OF D I F F E R E N T I A L REFRACTOMETER 
3 6 
o f P I B a t t h e d e s i r e d w a v e l e n g t h w a s u n k n o w n . U s i n g t h e L o r e n z -
L o r e n t z e q u a t i o n , t h e n u m e r i c a l v a l u e o f r e f r a c t i v e i n d e x o f P I B w a s 
a d j u s t e d s o t h a t t h e c a l c u l a t e d v a l u e s o f ( d n / d c ) T a t 0 p e r c e n t a n d 
1 0 p e r c e n t o f a c e t o n e g a v e t h e b e s t a g r e e m e n t w i t h o u r e x p e r i m e n t a l 
m e a s u r e m e n t s . 
T h e s p e c i f i c r e f r a c t i o n i s 
n ? - 1 
R . = (-r-) C-i ) ( 3 3 ) 
1 d i n ? + 2 l 
w h e r e d ^ i s t h e d e n s i t y a t t h e s a m e t e m p e r a t u r e t o w h i c h t h e v a l u e o f 
n ^ a p p l i e s . T h e s p e c i f i c r e f r a c t i o n o f a b i n a r y m i x t u r e R m a y b e 
w r i t t e n 
R = + w 2 R 2 ( 3 4 ) 
w h e r e w ^ a n d w 2 a r e t h e w e i g h t f r a c t i o n s o f c o m p o n e n t 1 a n d 2 , 
r e s p e c t i v e l y . D e n o t i n g b y w 2 d t h e c o n c e n t r a t i o n c o f t h e c o m p o n e n t 
2 a n d a s s u m i n g t h e a d d i t i v i t y o f v o l u m e s , E q u a t i o n ( 3 5 ) i s o b t a i n e d 
2 2 2 , n Q - 1 n , - 1 IV^L = T" H ) + ( 1 " (~4 > ( 3 5 ) 
n + 2 2 n't + 2 2 nt + 2 
w h e r e n ^ a n d n 2 a r e t h e r e f r a c t i v e i n d i c e s o f t h e c o m p o n e n t s 1 a n d 2 , 
r e s p e c t i v e l y , a n d n i s t h e r e f r a c t i v e i n d e x o f t h e b i n a r y m i x t u r e . 
I f E q u a t i o n ( 3 5 ) i s d i f f e r e n t i a t e d w i t h r e s p e c t t o c , t h e f o l l o w i n g 
e x p r e s s i o n i s o b t a i n e d 
3 7 
2 2 
( 2 0v . n - 1 n - 1 
( d n / d c ) T = U + 2 J ( - | ) - f - (-5 ) ] ( 3 6 ) 
6 n d 2 n ? + 2 d 2 n ? + 2 
O n t h e p o l y m e r - p u r e s o l v e n t s y s t e m , 1 r e f e r s t o s o l v e n t a n d 2 
r e f e r s t o p o l y m e r . T h e n ( d n / d c ) T w a s c a l c u l a t e d d i r e c t l y f r o m E q u a t i o n 
( 3 6 ) b y k n o w i n g n ( r e f r a c t i v e i n d e x o f t h e s o l u t i o n ) f r o m E q u a t i o n ( 3 5 ) . 
W h e n t h e m i x e d s o l v e n t w a s u s e d , t h e r e f r a c t i v e i n d e x o f t h e m i x e d 
s o l v e n t w a s c a l c u l a t e d f i r s t f r o m E q u a t i o n ( 3 5 ) a n d t h e r e s u l t i n g v a l u e 
w a s c o n s i d e r e d t o b e t h a t o f 1 . U s i n g t h e s a m e e q u a t i o n ( E q u a t i o n ( 3 5 ) ) , 
t h e r e f r a c t i v e i n d e x f o r t h e p o l y m e r s o l u t i o n i n t h e m i x e d s o l v e n t w a s 
c a l c u l a t e d , a n d t h i s v a l u e w a s t h e n u s e d i n E q u a t i o n ( 3 6 ) t o c a l c u l a t e 
( d n / d c ) r 
T h e s p e c i f i c r e f r a c t i v e i n d e x i n c r e m e n t a t v a r i o u s c o m p o s i t i o n s 
o f n o n - s o l v e n t f o r t h e P M M A - a c e t o n e - c y c l o h e x a n e s y s t e m w a s a l s o c a l c u ­
l a t e d i n t h e s a m e m a n n e r , a s s u m i n g t h a t t h e r e f r a c t i v e i n d e x a n d d e n s i t y 
a r e t h e s a m e f o r a t a c t i c a n d s y n d i o t a c t i c s a m p l e s . 
T h e q u a n t i t y ( d n / d v 1 ) c , w h i c h i s r e q u i r e d i n t h e c a l c u l a t i o n 
3 
o f t h e s e l e c t i v e a d s o r p t i o n c o n s t a n t a , c a n b e w r i t t e n : 
( d n / d V c = 0 = " V ^ V c = 0 
O O 
w h e r e ( d n / d c ) w a s c a l c u l a t e d f r o m E q u a t i o n ( 3 6 ) . i c 3 - o 
T h e r e q u i r e d d e n s i t i e s a n d r e f r a c t i v e i n d i c e s o f t h e s o l v e n t s a t 
d i f f e r e n t t e m p e r a t u r e a n d w a v e l e n g t h w e r e f o u n d i n l i t e r a t u r e ( 3 2 , 3 3 ) . 
T h e s e a r e s h o w n i n A p p e n d i c e s 1 3 t o 1 6 , f r o m w h i c h t h e d e n s i t i e s a n d 
r e f r a c t i v e i n d i c e s a t d e s i r e d t e m p e r a t u r e s a n d w a v e l e n g t h s w e r e f o u n d . 
T h e r e f r a c t i v e i n d i c e s a n d d e n s i t i e s for t h e p o l y m e r s a n d s o l v e n t s 
t h e a p p r o p r i a t e t e m p e r a t u r e s a r e s u m m a r i z e d i n A p p e n d i x 1 7 . 
T h e r e s u l t s o f t h e c a l c u l a t i o n s o f ( d n / d c ) T a r e s h o w n i n 
A p p e n d i c e s 1 8 t o 2 2 . 
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CHAPTER III 
RESULTS AND DISCUSSION 
For each run on PIB and syndiotactic PMMA systems, a Zimm plot 
was constructed. Figures 7 to 10 show such plots for the system PIB-
o 
cyclohexane-acetone at 4358 A, where the volume fraction of acetone 
was 0 . 0 0 , 0 . 1 0 , 0 .15 and 0 . 2 0 . Figure 11 shows the data obtained 
o 
for the system PIB-cyclohexane-benzene at 4358 A for the case 0 .20 
volume fraction of benzene. For the atactic PMMA-acetone-cyclohexane 
system, a plot of K c / R q versus c was constructed. The plots of 
K c / R q versus c for PIB, syndiotactic and atactic PMMA systems are 
shown in Figures 1 2 , 13 and 1 4 , respectively. The selective adsorption 
of the mixed solvent is reflected by the change of the apparent weight 
_s'c 
average molecular weight M , which was used to calculate the adsorption 
w 
constant from Equation (15). The resu l ts are shown in Tables 1 to 5. 
Tables 6 and 7 show the values of the second virial coefficients 
A and the radii of gyration R n for these systems, calculated from the 
slope of zero angle and of zero concentration of Zimm plot, respectively. 
The second virial coefficient and radius of gyration as a function of 
o 
solvent power at 4358 A are shown in Figures 15 and 16 for the systems 





Figure 9. Zimm Plot for PIB L-80F in 15 Per Cent of ° o 
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c x 102 (g./ml.) Figure 12. The (Kc/RQ)-Concentration Relations Obtained from Zim  Plot for PIB L-80F in Cyclohexane-Acetone Mixtures at 35°C and 4358 A 
3. 01 
Figure 13. The (Kc/R )-Concentration Relations Obtained 
from Zimm Plot for Syndiotactic PMMA in 
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Figure 14. The (Kc/RQ)-Concentration Relations 
Obtained from Zimm Plot for Atactic 
PMMA in Acetone-Cyclohexane Mixtures 
at 25°C and 4358 A 
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Table 1. Experimental Results of Adsorption Constant a Q 




Acetone KxlO7 (c/Rg) 
R' 
K W (^-)xl07 
Re R9o 
M or M xlO w w a 
V 2 = 0.00 2.08 0.0381 9/73 1.03 0.0000 
V 2 = 0.10 2.38 0.0315 9.20 1.09 0.047*0 .03 
V 2 = 0.15 2.48 0,0288 8.76 1.14 0.092±0 .03 
V 2 = 0.20 2.61 0.0242 7.76 lc29 0.212±0 .05 
V 2 = 0.25 2.75 0.0212 7 015 1.40 0.302*0 .06 
V 2 = 0.30 2.89 0.0172 6 . 11 1.64 0.490*0 .05 
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Table 2. Experimental Results of Adsorption Constant a Q 




Acetone KxlO8 ( c / R g ) K (^)xlO 7 Re R90 
M or w 
A 6 
M xlO w a 
V 2 = = 0.00 8.16 0, .0617 5„29 1, .89 0 .0000 
V2 = = 0.10 9.16 0, ,0510 4o91 2, ,04 0 .062*0. ,03 
V 2 = = 0.15 9.71 0. ,0466 4.76 2. ,10 0 .093*0. ,04 
V 2 = = 0.20 10.24 0. ,0370 3.99 2, .51 0 .267*0. ,05 
V 2 = = 0.25 10.79 0. ,0324 3.68 2, ,72 0 .362*0. ,06 
= 0.30 11.34 0 , 0270 3.22 3. ,11 0 .526*0. ,05 2 
Table 3. Experimental Results of Adsorption Constant 
for PIB in 20 Per Cent of Benzene at 25°C 
R' ° R c 90 7 - -A -6 X, A v KxlO (c/R") K (^-)xl0 M or M xlO a 2 9 R Q R g Q w w 
4358 0.00 18.97 0.0416 9.68 1.04 0.0000 
4358 0.20 13.31 0.0519 8.47 1.18 -0.068*0.03 
5461 0.00 7.43 0.0636 4»97 2,01 0.0000 
5461 0.20 5.42 0.0783 4.47 2.24 -0.062*0.03 
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Tab le 4. Exper imenta l R e s u l t s o f A d s o r p t i o n Constant a 
a tac t ic PMMA-Ace/ 
25°C and 4358 A 
f o r S y n d i o t i  -Acetone-Cyclohexane at 
V o l . F r a c t i o n 
o f 
Cyclohexane 
K x l O 7 (c/Rg) 
R' 
v c ( 90v i n 6 K „ ( ) x l 0 
Re R9o 
M or w M"xl0
 5 
w a 
v 2 = 0.00 3.14 0.0353 1.35 7, ,41 0 .0000 
v 2 = 0.10 2.94 0.0371 1.33 7, ,51 -0 .013*0 .01 
v 2 = 0.20 2.74 0.0446 1.46 6, ,85 0 .073*0 .03 
v 2 = 0.30 2.55 0.0514 1.60 6, ,26 0 .146*0 .03 
v 2 = 0.40 2.36 0.0609 1.83 5 , ,47 0 .242*0 .03 
Table 5. E x p e r i m e n t a l R e s u l t s o f A d s o r p t i o n Constant a 
f o r A t a c t i c PMMA-Acetone-Cyclohexane at 25°C 
and 4358 X 




K x l O 7 ( c / R " ) K ̂ - ( ^ ) x l O 6 M o r M 5 f x l 0 " 5 6 R 0 R g Q w w 
v 2 = 0.00 
v 2 = 0.10 
v 2 = 0.20 
v 2 = 0.30 

















Table 6. The Second Virial Coefficient and the Radius 




°C Sol. Mixture V2 A 2xl0
4,ml./g. 2 R G,A 
4358 35 Cyclohexane Acetone (2) 
(1) 0.00 4.55 645 
4358 35 Cyclohexane Acetone (2) 
(1) 0.10 4.22 637 
435.8 35 Cyclohexane Acetone (2) 
(1) 0.15 3.11 614 
4358 35 Cyclohexane (1) 0.20 3 c 09 574 Acetone (2) 
4358 35 Cyclohexane Acetone (2) 
(1) 0.25 2.53 535 
4358 35 Cyclohexane Acetone (2) 
(1) 0.30 1.64 500 
4358 25 Cyclohexane Benzene (2) 
(1) 0.20 4.55 650 
5461 35 Cyclohexane Acetone (2) 
(1) 0.00 2.13 633 
5461 35 Cyclohexane Acetone (20 
(1) 0.10 1.93 624 
5461 35 Cyclohexane Acetone (2) 
(1) 0.15 1.67 588 
5461 35 Cyclohexane Acetone (2) 
(1) 0.20 1.63 570 
5461 35 Cyclohexane (1) 0.25 1. 59 551 Acetone (2) 
5461 35 Cyclohexane Acetone (2) 
(1) 0.30 0.62 492 
5461 25 Cyclohexane Benzene (2) 
(1) 0.20 2.12 641 
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Table 7. The Second Virial Coefficient and the Radius 
of Gyration for PMMA in Solvent Mixtures at 
25°C and 4358 A 
Tacticity 4 2 ° 
of Polymer Sol. Mixture v A xlO ml./g. R , A 
Syndiotactic Acetone (1) Cyclohexane (2) 0 .00 1. 50 336 
Syndiotactic Acetone (1) Cyclohexane (2) 0 .10 1. 38 334 
Syndiotactic Acetone (1) Cyclohexane (2) 0 .20 0. 97 351 
Syndiotactic Acetone (1) Cyclohexane (2) 0 .30 1. 24 327 
Syndiotactic Acetone (1) Cyclohexane (2) 0 .40 1. 15 289 
Atactic Acetone (1) 0 .00 116 Cyclohexane (2) 
Atactic Acetone (1) Cyclohexane (2) 0 .10 -• -- 110 
Atactic Acetone (1) 0 .20 101 Cyclohexane (2) 
Atactic Acetone (1) Cyclohexane (2) 0 .30 -- 093 








0.1 0.2 0.3 
Volume Fract ion of Acetone 
0.4 
Figure 15. Second V i r i a l Coef f ic ient and Raius of Gyrat ion 
as a Function of Mixed Solvent Composition f o r 
the System PIB-Cyclohexane-Acetone 
o 
at 35°C and 4358 A 
5M 
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F I G U R E 16. SECOND V I R I A L C O E F F I C I E N T AND R A D I U S OF G Y R A T I O N 
AS A F U N C T I O N OF THE MIXED SOLVENT C O M P O S I T I O N 
FOR T H E SYSTEM S Y N D I O T A C T I C PMMA-ACETONE-CYCLOHEXANE 
AT 25°C AND 4358 A 
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Second Virial Coefficient 
The second virial coefficient A^ is zero at the theta condition, 
where the excess chemical potential due to segment-solvent interaction 
is zero and deviations from ideality vanish. Polymer solutions show 
large deviations from this condition in good solvents due to the excluded 
volume effect. In good solvents the swelling of the polymer molecules 
is enhanced by the presence of the better solvent molecules in the 
vicinity of polymer segments. This increase in the excluded volume is 
responsible for the polymer solution deviating from theta conditions 
and leads to an increase in the second virial coefficient. In a poorer 
solvent medium there is a decrease in the excluded volume, which leads 
to a smaller value of A^. Thus, the second virial coefficient is a 
measure of the solvent power of the medium. The poorer the solvent 
medium, the smaller the second virial coefficient. The experimental 
results are consistent with theoretical prediction. The values of A^ 
decrease as the composition of the second (the poorer) solvent 
increases. 
Radius of Gyration 
The radius of gyration is a measure of the dimension of a random 
coil in the solution. For all the systems examined, the radius of 
gyration decreases with increasing the composition of non-solvent. This 
is in line with the trend of the values of the second virial coefficient 
discussed above. In a good solvent, the polymer molecules spread out 
and have large values of radius of gyration. In a poorer solvent the 




The System Cyclohexane (l)-Acetone (2)-PIB (3) 
Figure 12 shows plots of kc/R^ versus c for this system at 
o 
4358 A. When the composition of non-solvent increases, the slope 
decreases because of the shrinkage of the swollen polymer molecules. 
This occurs because of the increased preference for segment-segment 
contacts as the proportion of non-solvent increases. The change in 
intercept indicates the occurrence of selective adsorption. The 
theory of Ewart, et al., predicts that if the change in intercept is 
negative, the solvent component having the higher value of refractive 
index will be selectively adsorbed. Cyclohexane has a value of 
refractive index of 1.4200, which is higher than 1.3535 of acetone. 
Therefore, since the intercepts in Figure 12 are seen to decrease with 
increasing acetone concentration, cyclohexane is adsorbed. Recall 
Equation (15) 
M* ± 
a = [ ( ^ ) 2 - 1] ( ^ - ) (15) M dn/dv1 
w 
where M is the apparent weight average molecular weight. Values of 
(dn/dc)^ and (dn/dv^)^ required for the calculation of a are listed 
in Appendix 18. The values of a calculated from Equation (15) for 
five different compositions of mixed solvent are shown in Table 1. 
Recall that the selective adsorbption constant a is a measure of 
the change in composition of the solvent mixture in vicinity of the 
polymer segments (Equation (11)). A positive value of a means that the 
volume fraction of cyclohexane outside the domain occupied by polymer 
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segments decreases; in other words, cyclohexane is adsorbed. Our 
experimental results are those which were expected in view of the fact 
that cyclohexane is a good solvent for PIB and would be expected to be 
adsorbed by the polymer molecules, whereas acetone is a non-solvent. 
To compare these experimental results with theoretical predic­
tions, we use Read's expression (Equation (17)) containing binary 
interaction parameters x^j « 
x2r1(v2 - v ) + x 2 3 - x^r1 + a"1 - d 
a = v 3 v i v 2 71 ~—ti ( 1 7 ) 
vn 1 + * V 2 " 2 (*12* V 1 V 2 ) 
This equation is based on the Flory-Huggins expression for the chemical 
potential and accordingly possesses the same limitations as the Flory-
Huggins theory. However, no vapor pressure-composition data for 
cyclohexane-acetone were available to calculate a value of X-^* Hence 
)<12 was estimated by utilizing Hildebrand's "solubility parameter"theory: 
\ = (V/RT)(6 - <$ 2) 2. Taking the value V± = 109.9 cc./mole, 
6 = 8.20 and & 2 - 9.9 (34), it is found that \ - 0.519 at 35°C. The 
parameter \ has been found to be 0.428 at 35°C (35). The parameter 
_L O 
X 2 3 c a n no^ be found by direct measurement on the binary system since 
acetone is a non-solvent for PIB. Accordingly the experimental data 
for a and the value of x^ 2 a n c ^ ^ 3 c a n be utilized in Equation (17) to 
calculate a value of X 0 o* Such an indirect procedure is necessary to 
obtain an estimate for this parameter. For x-^ = 0.519, x-j_g = 0.428 and 
several reasonable choices of x 0 o> the values of a were calculated as a 
function of v 2 up to 0.40. These values are listed in Table 8 and are 
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plotted in Figure 17 along with the experimental values of a. From 
these calculations, the interaction parameter x 0o appears to be about 
2.0 ± 0.1. This large value of PIB-acetone interaction signifies that 
acetone is a non-solvent for PIB. Although not precise, this method 
of assigning a value of x 2 3 ^ s valuable, for there is no way to measure 
the interaction parameter between polymer and non-solvent directly. 
Table 8. Theoretical Prediction of Adsorption Constant 
for PIB-Cyclohexane-Acetone System 
at X n o = 0,519 and X l« = 0.428 
Vol. Fraction ADSORPTION CONSTANT a 
of Acetone x 2 3 = 1-50 x 2 3 =2.00 x 2 3 = 2.50 x 2 3 = 3.00 
0.00 0.000 0.000 0.000 0.000 
0.05 0.031 0.059 0.086 0.113 
0.10 0.066 0.121 0.175 0.230 
0.15 0.104 0 .185 0.266 0 .347 
0.20 0.144 0,251 0.357 0.464 
0.25 0.186 0.316 0.447 0.577 
0.30 0.228 0.380 0.532 0.684 
0.35 0.269 0.440 0.611 0.782 
0.40 0.306 0.493 0.680 0.867 
Figure 17. Comparison of Experimental and Theoretical 
Dependence of Adsorption Constant on the 
Composition of the Mixed Solvent 
for PIB L-80F 
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Figure 17 shows that the theoretical calculations do not fit our 
experimental results too well. This deviation could conceivably be due 
to the uncertainty in the values of xn o a n (i X n o* However, adjusting 
J-Z J_ o 
these values of x̂ j failed to give a better fit to the experimental 
points. Therefore it is concluded that the theoretical description of 
selective adsorption constant given by Equation (17) is not adequate 
for this system. The same situation was also found by Read (14) and 
Cowie (15) from their studies of the systems benzene-cyclohexane-
polystyrene and benzene-heptane-polystyrene, respectively. Read derived 
a more complex function by introducing anthree-bodyninteraction param­
eter X n 0 q « This more complex description of the adsorption constant 
allowed a better fit to their experimental results. Although this pro­
cedure seems sound enough, it was not followed in this work because of 
the difficulty in assigning a value to x 1 Qo which is not completely 
_L Z o 
arbitrary. 
Both the experimental results and the calculations based on 
Equation (17) show that selective adsorption increases initially as 
the composition of non-solvent increases. At higher composition of 
non-solvent, a is predicted by Equation (17) to go through a maximum 
and then to decrease. The reason for this is that there is a preference 
for polymer segment-segment contacts in a very poor solvent, thus 
leaving fewer available sites for the adsorption of cyclohexane. The 
maximum in the adsorption constant was not observed experimentally in . 
this work because of the difficulties encountered in filtering the 
solutions at high concentrations of acetone. 
o 
Each measurement was also made at X = 5461 A for this system. 
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The results of the selective adsorption are listed in Table 2. The 
molecular weights obtained are not equal to those of the measurements 
o 
made at A = 4358 A. This difference could be due to the errors in the 
Rayleigh ratio of benzene. However, this constant error was canceled 
in the calculations of a from Equation (15). Comparison of the values 
of a shows that the results from two different wavelengths measurements 
are in good agreement within the experimental errors. 
The System Cyclohexane (l)-Benzene (2)-PIB (3) 
The measurement of light scattering of PIB (3) in the mixed 
solvent system of cyclohexane (1) and benzene (2) was less successful. 
The reason for this is that the refractive index of benzene (1.5149) 
is too close to that of PIB (1.5282). Consequently as the benzene 
concentration increases, the value of (dn/dc)^ becomes too small for 
the measurement of the excess scattering to have sufficient precision 
to be reliable. Therefore only one successful measurement was per­
formed: the scattering in 20 per cent by volume of benzene at 25°C. 
The values of (dn/dc) T and (dn/dv ) T needed for the calculation of a 
are shown in Table 10. The Zimm plot for the data is shown in Figure 
11. The value of the apparent weight average molecular weight M 
w 
corresponding to the data obtained was 1.18 x 10 . The corresponding 
value of a calculated from Equation (15) is -0.068 ± 0.01. This nega­
tive value of a means that benzene is preferentially adsorbed for this 
system. This result originally seemed surprising, since benzene is a 
poorer solvent for PIB than cyclohexane. It is possible that this 
experimental result is fortuitous because of the difficulties involved 
in obtaining good data for this system. However, taking X n o = °*476 
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(36), x0q = 0.500 and X n Q = 0.428, theoretical values of a were cal-
culated from Equation (17). This theoretical value of a, -0.055, is 
in good agreement with our experimental result. The theoretical curve 
is compared with the single experimental point in Figure 17. 
o 
Measurements at A = 5461 A on the same system give a result of 
a = -0.062 ± 0.01, again showing that benzene is selectively adsorbed. 
Blaker and Badger (9) also reported a series of selective adorp-
tion measurement in which the poorer solvent was preferentially 
adsorbed. They assumed that there was a strongly attractive inter­
action between solvent molecules and the localized sites on the non-
polar faces of the polymer. 
The System Acetone (l)-Cyclohexane (2)-PMMA (3) 
Measurements on this system were made with unpolarized blue 
o 
light (A = 4358 A) at a temperature of 25°C. 
The results of light scattering measurements for syndiotactic 
and atactic PMMA are shown in Figure 12 and 13, respectively. The 
theory of Ewart, et al., predicts that if the change in intercept is 
positive, the solvent component having the lower value of refractive 
index will be selectively adsorbed. The refractive index of acetone 
(1.3652) is lower than that of cyclohexane (1.4329). Therefore acetone 
should be selectively adsorbed by the polymer segments. The experi­
mental values of a calculated from Equation (15) for both syndiotactic 
and atactic PMMA are listed in Tables 4 and 5 and are shown in Figure 
18. The values of (dn/dc^ and (dn/dv^)^ needed for the calculation 
of a are listed in Appendix 22. For each measurement acetone was 
preferentially adsorbed except for the measurement in 0.10 volume 
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fraction of cyclohexane, where cyclohexane was selectively adsorbed. 
Taking X n o = 0.361 and X-, o = 0.479 (35) and following the same 
j-Z. _LO 
treatment described above on the PIB-cyclohexane-acetone system, we 
found that x0o appeared to be about 1.5 ± 0.1. The theoretical pre-
dictions of a are listed in Table 9 and are shown in Figure 18 together 
with the experimental results for comparison. Again Read's theoretical 
predictions do not fit our experimental results. 
Table 9. Theoretical Prediction of Adsorption Constant 
for PMMA-Acetone-Cyclohexane System at 
X l o = 0.361 and X n ~ = 0.479 
Vol. Fraction 
of ADSORPTION CONSTANT 
Cyclohexane xoq = 1-0 x0o = 1=5 x9q = 2.0 xo q = 2.5 
0.00 0.000 0.000 0.000 0.000 
0.05 0.012 0.033 0.053 0.074 
0.10 0.027 0.067 0.108 0.148 
0.15 0.046 0.103 0.161 0.219 
0.20 0.066 0.139 0.212 0.286 
0.25 0.087 0.173 0.260 0.346 
0.30 0.107 0.204 0.301 0.398 
0.35 0.127 0.231 0.336 0.440 
0.40 0.144 0.253 0.362 0.471 
6U 
Figure 18. Comparison of Experimental and Theoretical 
Dependence of Adsorption Constant on 
Composition of the Mixed Solvent for 
Syndiotactic and Atactic PMMA 
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Comparing the difference in selective adsorption constants a for 
the atactic and syndiotactic PMMA, we conclude that, within the experi­
mental errors (* 0.03), there is no influence on the selective adsorp­
tion by the local order of the side chain. 
In Read's expression of the theoretical predictions, the impor­
tant term that affects the selective adsorption is the numerator: 
Q = X 1 2^" 1(v 2 - v x) + ( x 2 3 - X-^" 1) + U " 1 " 1) 
Considering the case where and are nearly equal, we can rewrite 
the above equation as: 
Q = X 1 2(v 2 - v 1) + ( x 2 3 - X 1 3 ) 
If the value of ( x 2 3 ~ ^13^ "*"s S T n a H a n <^ the solvent-solvent inter­
action is unfavorable, i.e., if x 1 2 > 0» then the volume fraction of 
the component 2 is the adsorption-determining factor. At small value 
of v 2, U 1 2(v 2 - v )| > ( x 2 3 - X 1 3 ) - Then Q < 0 or a < 0. Hence the 
component 2 is selectively adsorbed. For this system studied, the fact 
that cyclohexane was adsorbed at 0.10 volume fraction of cyclohexane 
indicates unfavorable molecular contacts between acetone and cyclo­
hexane . 
Although Read's theoretical description of selective adsorption 
is not applicable to the systems investigated, it is still useful for 
predicting which of the solvents will be adsorbed and to what extent, 




1. Light scattering measurements on the system polyisobutylene-
cyclohexane (a good solvent)-acetone (a non-solvent) lead to the con­
clusion that the good solvent is preferentially adsorbed by the polymer 
molecules. By fitting the data to a Flory-Huggins type of equation, it 
is found that the interaction parameter x o q between polyisobutylene 
segments and acetone molecules appears to be 2.0 ± 0.1, indicating that 
acetone is a non-solvent for polyisobutylene. 
2. Similar measurements of the system polyisobutylene-cyclohexane 
(a good solvent)-benzene (a poor solvent) show that benzene is selec­
tively adsorbed at a benzene concentration of 20 per cent by volume. 
The reason for this is that molecular contact between molecules of 
cyclohexane and benzene is unfavorable, as manifested in the rather 
large value of the parameter X-^ = °«'4'7^' 
3. For the systems containing syndiotactic or atactic poly­
methylmethacrylate in a mixture of acetone (a good solvent) and cyclo­
hexane (a non-solvent), acetone is selectively adsorbed except for the 
measurement in 0.10 volume fraction of cyclohexane, where cyclohexane 
is selectively adsorbed. 
4. Within experimental error, the selective adsorption is not 
affected by the stereoregularity of the polymethylmethacrylate samples. 
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5. The second virial coefficients obtained in the mixed solvent 
systems exhibit the expected trend, decreasing with increasing amounts 
of the poorer solvent. 
6. The radii of gyration obtained in the mixed solvent systems 
also exhibit the expected trend, decreasing with increasing amounts of 





MEASUREMENT OF (dn/dc) FOR PIB IN PURE CYCLOHEXANE 
AT 35°C AND 4358 A ( K l o c Q = 9.93 x 10~ 4) 
SOLUTION 
Solution Solvent 1 2 3 4 
2 
Cone, x 10 
g./ml. 
0.000 0. 4936 0.9871 1.4711 1. 9521 
di 4.892 5 . 166 5.418 5.671 5. 911 
D 2 4.909 4. 644 4.387 4.122 3. 874 
d l ' d 2 -0.017 0. 522 1.031 1.549 2. 037 
Ad T 0.000 0. 539 1.048 1.566 2. 054 
An x 10 4 5. 3534 10.409 15.554 20. 401 




AT 35°C AND 5461 A ( K 5461 = = 9.92 
-4 
x 10 4 ) 
SOLUTION 
S o l u t i o n S o l v e n t 1 2 3 4 
2 
Cone, x 10 
g . / m l . 0.000 0.4936 0. ,9871 1.4711 1, .9521 
d i 4.887 5.154 5 . ,418 5.668 5, .917 
d 2 4.907 4.650 4. 395 4.135 3, .888 
d l " d 2 -0.020 0.540 1. 023 1.533 2, .029 
A d , 0.000 0.524 1. 043 1.553 2, .049 
An x 10 4 5.198 10. 345 15.404 20. ,324 
d n / d c , m l . / g . 0.1053 0. 1049 0.1047 0, .1041 




AT 35°C AND 4 3 5 8 * ( % 3 5 8 = 9.93 x 10
 4 ) 
SOLUTION 
Solution Solvent 1 2 3 4 
2 
Cone. x 10 
g./ml. 0 .000 0.3985 0.7856 1.1871 1. 5740 
d i 4.941 5.137 5.383 5.621 5. 893 
d2 4.963 4.768 4.520 4.267 4. 106 
d l " d 2 -0.022 0.369 0.863 1.354 1. 781 
Ad T 0.000 0.391 0.885 1.376 1. 803 
An x 10 4 3.884 8.790 13 .670 17. 910 
dn/dc,ml./g. 0.0975 0.1119 0.1151 0. 1138 




0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
c x 10 2 (g./ml. ) 
DETERMINATION OF (dn/dc) FOR PIB IN 10 PER CENT ACETONE 
AT 4358 A FROM APPENDIX 5 
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APPENDIX 7 
MEASUREMENT OF (dn/dc) T FOR PIB IN 10 PER CENT OF ACETONE 
AT 35°C and 5461 A (K_llC. = 9.92 x 10~ 4) 
SOLUTION 
Solution Solvent 1 2 3 4 
2 
Cone, x 10 
g./ml. 0,000 0.3985 0. ,7856 1.1871 1. 5740 
d i 4.939 5,127 5. ,380 5.622 5. 892 
d 2 4.964 4.771 4. 522 4.309 4. 148 
d l ' d 2 -0.025 0.356 0. 858 1.313 1. 744 
Ad T 0.000 0.381 0. 883 1.338 1. 769 
An x 10 4 3.779 8. 758 13.271 17. 550 




0.4 0.8 1.2 1.6 2.0 
c x 10 2 (g./ml.) 
DETERMINATION OF (dn/dc)T FOR PIB IN 10 PER CENT ACETONE 
AT 5461 A FROM APPENDIX 7 
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APPENDIX 9 
MEASUREMENT OF (dn/dc) FOR PIB IN PURE CYCLOHEXANE AT 
25°C AND 4358 A (K. = 9.93 x 10~ 4) 
SOLUTION 
Solution Solvent 1 2 CO 4 
2 
Cone, x 10 
g./ml. 0.000 0 .4036 0 .8005 1, .1950 1. .5852 
d i 4.907 5 .110 5 .314 5, .510 5, .703 
d 2 4.915 4 .713 4 .507 4, .298 4. .101 
d l " d 2 -0.007 0 .397 0 .807 1. .212 1. ,602 
Ad T 0.000 0 .404 0 .814 1. ,219 1. .609 
An x 10 4 4 .013 8 .085 12, ,107 15. .981 




MEASUREMENT OF (dn/dc) T FOR PIB IN PURE CYCLOHEXANE AT 25°C 




Cone, x 10' 
g./ml. 
"2 
d l " d 2 
Ad T 




































A P P E N D I X 12 
D E T E R M I N A T I O N OF ( D N / D C ) „ FOR P I B I N CYCLOHEXANE AT 25°C 
AND 5461 A FROM A P P E N D I X 11 
0.4 0.8 1.2 1.6 
c x 10 2 (g./ml.) 
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APPENDIX 13 
DENSITY-TEMPERATURE CURVE ON CYCLOHEXANE 
0.79+-
0.72 
0 20 30 40 50 60 70 
Temperature (°C) 
APPENDIX 14 
DENSITY-TEMPERATURE CURVE ON ACETONE 
0.82 
0.74 | | | | | L 
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THE REFRACTIVE INDEX AND DENSITY OF POLYMER AND SOLVENT 
Physical Constant 
Temperature 










25°C 35°C 25°C 
PIB 1.5277 1.5282 1.5191 1.5195 0.9130 0.9130 
PMMA 1.5356 1.180 
Cyclohexane 1.4273 1.4329 1.4200 1.4255 0.7643 0.7737 
Acetone 1.3602 1.3652 1.3535 0.7738 0.7850 









Density Index (dn/dc2)c _Q 
d, g./ml. n 3 
Cdn/dv^ 
= -d_ (dn/dc5) (dn/dc), 2 C o - 0 n , 3 ml./g. 
V 2 = .00 0. 7643 1.4273 -0 .08886 0 .06876 0.1060 
V 2 = .05 0. 7648 1.4239 -0 .08865 0 .06859 0.1095 
V 2 = .10 0. 7652 1.4203 -0 .08843 0 .06842 0.1130 
V 2 = .15 0. 7657 1.41701 -0 .08822 0 .06826 0.1165 
V 2 = .20 0. 7662 1.4136 -0 .08800 0 .06809 0.1199 
V 2 = .25 0o 7667 1.4102 -0 .08779 0 .06793 0.1233 
V 2 = .30 0. 7671 1.4068 -0 .08758 0 .06777 0.1268 
V .35 0. 7676 1.4034 -0 .08738 0 .06761 0.1302 
V 2 = .40 0. 7681 1.4001 
-0 .08717 0 .06745 0.1335 
CALCULATION OF (dn/dv,) „ AND (dn/dc) m FOR PIB IN MIXED SOLVENT 
1 c =0 T 
° o 












U n / d c 2 ) c 3 = 0 
( d n / d V v o 
= - d 2 ( d n / d c 2 ) v 0 (dn/dc ml./g 
v2=0.00 0.7643 1.4200 -0.08800 0.0681 0.1048 
v2=0.05 0.7648 1.4166 -0.08779 0.06793 0.1082 
v2=0.10 0.7652 1.4132 -0.08758 0.06776 0.1117 
v2=0.15 0,7657 1.4098 -0.08737 0.06760 0.1151 
v 2=0.20 0.7662 1.4064 -0.08716 0.06744 0.1182 
v2=0.25 0.7666 1.4031 -0.08696 0.06728 0.1219 
v2=0.30 0.7671 1.4000 -0.08675 0.06712 0.1253 
v2=0.35 0.7676 1.3964 -0.08655 0.06697 0.1287 
v2=0.40 0.7681 1.3930 -0.08635 0.06681 0.1321 
CALCULATION OF (dn/dv.) . AND (dn/dc)^ FOR PIB 
1 c =0 T 
6 o 
IN MIXED SOLVENT OF CYCLOHEXANE AND ACETONE AT 35°C AND 5461 A 
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APPENDIX 20 
Vol. . , . , 
Fraction Ref. ^ / Q V i ; c =0 . . . 
of Density Index (dn/dc_) n , *. Un/<ic;T 
t> a I n 2 c o = 0 =-d_(dn/dc ) _ ml./g. Benzene d, g./ml. n 3 2 2 c =0 
V .00 0. 7737 
V .05 0. 7787 
V .10 0. 7837 
V .15 0. 7887 
V .20 0. 7937 
V 2 = .25 0. 7987 
V 2 = .30 0. 8037 
V .35 0. 8087 



















CALCULATION OF (dn/dvn) n AND (dn/dc)^ FOR PIB IN MIXED SOLVENT 
1 c =0 T 
° o 




 V°i° 0 4= (dn/dv.) (dn/dc)^ Fraction Ref. 1 T 
of Density Index (dn/dc^) . = -d„(dn/dc.) n ml./g. 























































CALCULATION OF (dn/dv.) . AND (dn/dc)„ FOR PIB 
1 c =0 1 
IN MIXED SOLVENT OF CYCLOHEXANE AND BENZENE 
AT 25°C AND 5461 A 
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APPENDIX 22 
Fraction Ref. ( d n / d v i ) c =0 ( . 
of Density Index (dn/dc0) n =-cL (dn/dc) rt tan/dc;T 
2 C — 0 2 C — 0 
Cyclohexane d,g./ml. n 3 3 ml./g. 
.00 0 .7850 
.05 0 .7845 
.10 0 .7839 
V2= .15 0 .7833 
V 2 = .20 0 .7828 
v 2 = .25 0 .7822 
V .30 0 .7816 
V 2 = .35 0 .7811 



















CALCULATION OF (dn/dvn) „ AND (dn/dc) m FOR PMMA IN MIXED SOLVENT 
1 c q-0 T 
J o 
OF ACETONE AND CYCLOHEXANE AT 25°C AND 4358 A 
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